The effect of the JPEG2000 digital data compression technique on remote sensing image classification accuracy is evaluated using two satellite images of Iraq-Mousl taken at 1986 and 1988. {For the Earth Resources data analysis a system software (especially software programs have been designed) was employed for this purpose}. Various data compression levels ranging from 2% to 16% were attempted. The results show that, for the 1986 image, compressed GIS maps of different rates are almost similar to the original uncompressed image. This is evident from comparison of standard deviation values at the various compression levels. However, there were noticeable differences between the 1988 original image and the GIS maps obtained from it after compression. Again this is clear from standard deviation of the various compressed images. It therefore seems that the effect of the JPEG2000 compression technique is scene-and possibly time-dependent. It also seems that, for application areas where high accuracy of classification is not of paramount importance, the JPEG2000 data compression technique allows data compression of up to 16% of the original scene without much affecting the overall quality of the data. This can serve a useful purpose on computer storage and data analysis for a wide range of earth science applications.
Introduction
Remote sensing images contain huge amount of geographical information and reflect the complexity of geographical features, landscape, land cover types, and spatial structures [1] . The major bottleneck of remote sensing satellites is the transmission of the obtained images to the ground station. Traditional compression algorithms can not process the huge data volume captured by the high resolution sensors [2] . With the appropriate exception of facsimile, digital image data sets are not commonplace in computing systems as texts and graphics. As an example, a digitized version of one single color image on a TV screen could possess one million bytes. Thirty-five millimeter resolution may require 8 to 10 times that figure. [3] Another example from the remote sensing area: A color image with 1000 by 1000 pixels at 24 bits each will occupy 3 MB of storage in an uncompressed form. So, in everyday life it seems acceptable to claim that use of digital image data is not often viable due to high storage and/or transmission costs, even when image capture and display devices are quite ubiquitous [3] . A possible solution for this makes use of modern digital image compression technology. Information derived from literature on the subject states that present techniques can compress typical images from 2% to 20% of their uncompressed size without visibly affecting image quality [2] [3] [4] [5] [6] . Although image compression alone is not likely to solve completely this problem (because of the need for a standard image compression method to enable interoperability of different equipment from different manufacturers).
The JPEG2000 Compression Method
For the past 8 years, four organizations namely, the Consultative Committee on International Telephony and Telegraphy (CCITT), the Joint Photograph Expert Group JPEG2000, Moving Picture Experts Group (MPEG) and International Standards Organization (ISO) have been working jointly towards creation of a number of standards for digital data compression. Several attempts were made on still-picture encoding, video teleconferencing and full-motion pictures, all being built on both redundancies in the data and nonlinearities of human vision [3, 5] . The lossy algorithms with reasonable compression ratios (e.g. 8:1 to 10:1) are preferred in less critical applications (e.g. in earth resources remote sensing) for, they save much on storage; and they exploit aspects of the human visual system which are appropriate for this range of compression ratios. In this respect, Ang et al [6] comment that in many subjective tests, reconstructed images that were encoded with 12:1 compression ratios are hard to distinguish from the original. The JPEG2000 standard in part has found wide acceptance from the remote sensing community worldwide since it takes advantage of data redundancy (a basic characteristic of remote sensing image data) in the encoding process. Generally, the core of the JPEG2000 structure is a discreet wavelet based compression methodology that provides for a number of benefits over the Discrete Cosine Transformation (DCT) compression method (which was used in the JPEG format) as depicted in Fig. 1 . [3] . The quantization process shown on Fig. 1 is vital to most remote sensing applications since it relates to down-scaling of data bits to a lower-precision value requiring less bits. Once the quantization process is complete, the resultant data is coded using the famous Arithmetic coding [3] . This operation leads to a compressed image. For the interested reader, the detailed mathematical underpinnings of Fig. 1 can be found in [3, 5, 9 , and 10].
The Classification Method
Digital image classification is the process of assigning pixels to classes. Usually each pixel is treated as an individual unit composed of values in several [11] . In the recent research work, the simplest form of digital image classification (Unsupervised) method was considered. This method was summarized in the following points: 1. Each pixel was treated individually by assigning it to a class based on its several values measured (randomly) in separate locations.
Define number of wanted classes
(maximum index size). 3. All image pixels was tested to assign each pixel to a specific class according to the following equation [11] :
Where i represent one of n pixels, a and b are pixels and D ab is the distance between the two pixels. The distance calculation is based on Pythagorean Theorem. This traditional method has some advantages and disadvantages, for more details see [11] .
Research aim and test area description
Most earth scientists (e.g. geologists, geographers, agronomists, cartographers, etc) prefer remote sensing data with less bit values [10] simply because of the constraints imposed by data storage, transmission and manipulation besides the complications sometimes faced with certain clones of hardware. Two main procedures are normally used for classifying remote sensing data for earth resources surveys, the supervised and the unsupervised classification techniques. Classification algorithm take advantage of the statistical characteristics of image, and each divides up the image into a number of classes depending on these spectral and statistical characteristics. The result is usually a map requiring no further interpretation [9] . The accuracy of classification could then easily be computed in order to have an insight into the effectiveness and usability of the derived map [6] and [9] . The purpose of this study is therefore to evaluate the effectiveness of the JPEG2000 data compression technique for earth resources surveys using remotely sensed data. For this purpose, two Landsat-7 Thematic Mapper (TM) color composite images (bands 2,3,4 for image 1 and bands 3,4,5 for image 2) sub- 
Methodology
The unsupervised image classification approach (closest index) was adopted in this study, have been showed previously. The images were first converted to JPEG2000 format and back to Bitmap format by using the ACDSee software; which is a computer package for conversion of image from one format of a system to another. The 1986 image of the test area was converted using ACDSee software to JPEG2000 file with compression ratios of 2, 4, 8 and 16. The corresponding compression rates of the 1988 image of the test area were also 2, 4, 8 and 16 respectively. Then all compressed images (4 for each source image) were returned to bmp format to process in our supervised classification software. Each image was classified into ten spectral classes and the output images (after compression) were displayed as GIS maps. The choice of this number of classes was trivial associated with our experience and knowledge in remote sensing field. Essentially, these constitute the aspects of land use, land features.
Results of the tested area
The original tested images were showed in Figure 2 , while the results of the present test are shown on Figure 3 for the 1986 and Figure  4 for the 1988 images of the test area respectively. The percentage areas occupied by each class at the different compression rates for each image are shown on Tables 1 and 2 . Storage requirements after compression at the various rates are shown on Tables 3 and 4.  Figures 2 and 3 and Tables 1 and 2 are largely self-explanatory.
However, it seems appropriate to augment them with some remarks: 1-For the 1986 image, the derived GIS maps for the different compression ratios are very much similar. It is hardly possible to notice any significant variations between the original uncompressed image (see Figure 3 ) and the resultant GIS maps obtained from the various compression ratios. This is true for virtually all ten classes of the imagery and at all levels of compression. These findings are further confirmed by the contents of Table 1 where the percentages of the different classes at the various compression levels change slowly and rather insignificantly. Also, one notices the small variations in standard deviation () values of the ten images after the various compression rates (see Table 5 ).
2-
For the 1988 image of the test area (see Figure 4) , most classes have shown noticeable differences when compared with the original image of the test area (Figure 4a ). This is particularly true with the green class. Again, this seems to be reasonably reflected on Table  2 . Standard deviation values of the compressed images at the different compression rates also vary to a noticeable degree (see Table 6 ). 
Conclusion
Some useful conclusion could be summarized in the following few remark points: (i) The findings of the present test may immediately bring us to the conclusion that the effect of the JPEG2000 image compression technique is a scene-dependent matter possibly with a contributing factor related to temporal variations of data acquisition. However, as depicted on Figures (3 and 4) and Tables 1 and  2 , if high accuracy of feature identification is not of paramount importance, the classification parameters can easily be adjusted to accommodate minor changes in pixel values thus creating more similarity between compressed and original images and saving at the same time on computer storage, manipulation, computation and analysis of data.
(ii) Table 3 shows that when the 1986 original image is compressed to 16%, the saved storage amounts reduced to 1.033 MB. The same argument applies to the 1988 image whence at a compression rate of 16%, the savings in storage reach 1.033 MB. It therefore seems that for application areas where high classification accuracy is not of paramount importance, the JPEG2000 data compression technique, as used in this experiment, allows data compression of up to 4% without much affecting the overall quality of the original data. This may serve a useful purpose for a range of earth science applications. (iii) It appears that by reaching the figure of 16%, the present study seems to conclude that the JPEG2000 compression technique is a scene-and possibly time-dependent software as far as remote sensing applications are concerned. (iv) Since the present experiment is concerned with only two images, taken at rather contiguous times, of a relatively small test area, the findings and conclusions of the test may pertain to this area only. Further multitemporal and different sensor images are therefore recommended in order to reach firmer conclusions on this matter. (v) The accuracy of classifying the test images after all levels of compression ratios and the accompanying statistical tests together with the possible effects of multidate and multisensor data set merging on the compression process will be the subject matter of a separate paper.
